I. INTRODUCTION
Ferrites are wide range of minerals and synthetic materials, which have been used in different fields of interests for a long time. Ferrites with nanocrystalline structure are technologically important materials because of their unique electric, dielectric, electronic, mechanic, magnetic, optical and catalytic properties. Mixed Me-Zn ferrites are characterized by good magnetic properties [1] , low (for NiFe2O4) [2] or high (for CoFe2O4) [3] magnetic coercivity, high electrical resistivity and negligible eddy current loss for high-frequency electromagnetic wave propagation [2] , chemical stability and fairly high mechanical hardness [4] , low dielectric losses and high Curie temperature [5] . CoFe2O4 has high permeability in the radio frequency range [6] , high thermal stability [7] , moderate saturation magnetization [8] and electrical conductivity [9] . It makes them suitable for many technological applications -like microwave devices [10] and telecommunication applications, electric motors and generators, excellent core material for power transformers in electronics, antenna rods, loading coils and read/write heads for high speed digital tape [1] , recording tapes and discs [8] , high-density information storage and recording devices and as permanent magnets [10] , sensors [11] etc. Magnetic nanoparticles and, in particular, magnetic fluids (ferrofluids) have been important for applications in biotechnology and biomedicine -biomedical drug delivery and as contrast agents [11] , medical diagnostics [12] . Zincsubstituted mixed cobalt ferrites are chosen due to their high sensitivity of magnetization to temperature for some applications like self-controlled hyperthermia [13] . Ferrite materials find wide application as catalysts [11] and in photocatalysis (solar radiation-induced photocatalytic hydrogen generation using spinel ZnFe2O4 photocatalysts) [14] . In recent times ferrite materials are used to avoid and remove radio frequency disturbances in audio systems [4] , as polarized ferroelectric ceramic in acoustic elements of underwater sound transducers [15] and microwave absorbing materials [16] , including ferrite containing radar absorbing colours for disguising military aircraft [17] . Various fabrication methods to prepare spinel ferrites nanocrystals have been reported, for example, the standard high temperature solid-state reaction technique [18] , chemical co-precipitation method [19] , sol-gel method [20] , combustion reaction synthesis [21] , hydrolysis [22] , hydrothermal synthesis [23] , salt melt technique [6] , pyrolysis, different microwave synthesis methods [24] , including microwave refluxing [25] , microwave plasma [26] and the microwave-hydrothermal method [27] , high energy ball milling technique [28] , microemulsion method [29] , sonochemical reaction [30] , vapour deposition [31] , precursor techniques [32] , and plasma synthesis [33] . In our previous investigations [34] , [35] we have studied synthesis of Ni and Co ferrite nanoparticles by the sol-gel selfpropagating combustion method and their magnetic properties. The aim of this research was to obtain by the same method mixed ferrite nanopowders with formula MeZnFe2O4, where Me = Ni or Co, to specify the effect of zinc additive on physical characteristics and magnetic properties of ferrites, as well as to obtain compact materials from these nanopowders and to measure their magnetic properties.
II. EXPERIMENTAL
Co1-xZnxFe2O4 and Ni1-xZnxFe2O4 where x values are in range from 0 to 1 were synthesized by the sol-gel self-propagating combustion method. The starting materials were Co(NO3)2•6H2O or Ni(NO3)2•6H2O, Fe(NO3)3•9H2O (SigmaAldrich), Zn(NO3)2 (obtained dissolving metallic zinc in nitric acid). Glycine was used as combustion agent. The molar ratio of used metal nitrates was chosen according to the stoichiometry of Co1-xZnxFe2O4 or Ni1-xZnxFe2O4. Metal and glycine molar ratio was M(Co,Ni + Zn)/M(C2H5NO2) = 1:0.8 and M(C2H5NO2)/M(HNO3) = 0.25. Needed nitrate ion ratio was obtained by adding concentrated nitric acid to the solution. Separately prepared solutions were mixed together and overall volume of the solution was ~500 mL. The solution was stirred on a hotplate until it underwent dehydration and viscous mass was obtained. Then the beaker with the viscous mass was taken into an open type vertical furnace maintained at a temperature
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39 of 325-330 °C. Substance was manually stirred until the spontaneous ignition occurred. Obtained powder was further calcined in the same furnace at 400-420 °C for 4 h to promote homogeneity of phases.
Ferrite nanopowders were prepared for sintering as follows: 3 wt.% of stearic acid was mixed mechanically with the ferrite nanopowder sample for 1 h in a planetary mill (400 rpm, vessel material ZrO2, milling ball material ZrO2) using isopropanol as dispersing medium. After mixing samples were dried in an oven at 80 °C and sieved through a 200 µm sieve. For pressureless sintering samples were pressed (200 MPa) into pellets with diameter of 12 mm and 4-6 mm in height. Stearic acid was burned out at 600 °C. Samples were sintered for 2 h isothermally in air at 1200 °C temperature (10 °C/min) in a furnace LHT-08/18 (Nabertherm GmbH).
All samples were analyzed using the X-ray diffractometer Advance 8 (Bruker AXS). Crystallite size was calculated using Scherer's equation. Magnetic properties of the synthesized ferrites were analyzed using vibrating sample magnetometry (VSM Lake Shore Cryotronics, Inc., model 7404 VSM). Specific surface area (SSA) was measured with the BET single point method. The size and morphology of particles as well as the microstructure of the sintered material were investigated using a transmission electron microscope JEM-100S (JEOL) and a scanning electron microscope Tescan Lyra-3 on fracture surfaces. The density and open porosity of the sintered samples was determined by the Archimedes method.
III. RESULTS AND DISCUSSION
Spinel type single phase disperse powders of Co1-xZnxFe2O4 and Ni1-xZnxFe2O4 with different content are obtained. Lattice parameters change linearly from 8.371 A (CoFe2O4) and 8.337 A (NiFe2O4) to 8.431 A (ZnFe2O4), depending on zinc and cobalt or nickel molar ratio. It is shown in ferrite XRD pattern ( Fig. 1 and Fig. 2) .
The characteristics of Co1-xZnxFe2O4 and Ni1-xZnxFe2O4 nanopowders are given in Table I Characteristics of Co1-xZnxFe2O4 samples sintered at 1200 °C are given in Table III . Density and open porosity is within the range of 94-98 % and 0.2-1.5 % depending on the composition of ferrite. A small increase of grain size has been observed from ZnFe2O4 to CoFe2O4 (Fig. 6 ). It can be seen from the results that the characteristics of mixed ferrite nanopowders synthesised by the sol-gel selfpropagating combustion method are nearly similar to those for nanosized MeZnFe2O4 products, where Me = Co or Ni, obtained by other methods. Products obtained by the chemical co-precipitation method are always a little bit more fine (10-20 nm) [4] , [12] , but the saturation magnetisation of products obtained by the sol-gel self-propagating combustion method is higher [11] . Obviously it is due to higher size of ferrite particles. It is also affirmed by the fact that magnetic properties of thermally treated samples with increased crystallite size are also higher [11] , [31] . Also the fact is confirmed [5] , [11] , that a small additive of Zn (x = 0.2 to 0.4 in formula Me1-xZnxFe2O4) increases saturation magnetization of mixed ferrites.
IV. CONCLUSIONS
Single phase cobalt-zinc and nickel-zinc ferrite nanopowders with different content are obtained using sol-gel selfpropagating combustion synthesis method. Crystallite size of the nanopowders is 25-40 nm which is close to the average size of the particles. Saturation magnetization Ms = 60. 
